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ABSTRACT
This report examines two methods of enhancing a photographic image
and applies them to duplicating mammographs. Subtractive unsharp
masking, one such method, is a photo-optical edge enhancement techni
que. The degree of unsharpness is controlled by interspacing between the
mammograph and a receiving film while exposing. The other
method is optimizing the combination of masking film contrast and
duplicating film contrast. Three levels of unsharpness, two levels of mask
contrast and two levels of duplicating film contrast were tested.
The common objective of this project and mammography in general in
volves the recognition and diagnosis of breast cancer. Specifically, the ex
perimental objective is to increase the detectability of breast tumors and
calcium deposits caused by cancer relative to an original mammograph.
Individual examinations of 36 samples by six radiologists provided data
enabling subjective and statistical conclusions to be made. Tumor and
calcium detectability were rated relative to an original mammograph.
Respectively, results showed that 54% and 96% of the samples observed
'
were rated superior in diagnostic quality.
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INTRODUCTION
FOREWORD
Medical examination of the breast involves many specialized techniques.
When such techniques are limited to radiographic procedures, the field is
called mammography. Usually, the purpose of this particular form of ex
amination is the detection and treatment of cancer.
Various methods have been used in this detection, many of which are a
simple matter of personal preference. In certain cases, 3 radiographic con
trast medium such as carbon dioxide is used. "Regardless of the specific
method in use, all seem to have these fundamental premises in common:
1 . The use of low kilovoltage.
2. Minimum filtration at the x-ray
tube."1
Currently, non-screen photographic materials are used to record the image.
They consist of at least one fine-grain emulsion, and because x-rays are the
exposing radiation the film lacks a linear portion to its characteristic curve .
Typically, these photographic characteristics describe the industrial type x-
ray film.
Often used is the "Kodak Duo-Pack for
Mammography"
which combines
"Kodak X-ray Film for Mammography
SO-146"
and "Kodak RP/m x-Omat
Medical X-ray Film for
Mammography"
or an AA Industrial type film. The two
Duo-Pack films differ in grain size and speed, thus recording images which
represent two distinct regions of the breast on different parts of their charac
teristic curves. Compensating for the absence of an intensifying screen, the
films'
moderate-to-low speeds and low kilovolt settings (approximately 30
KeV), the milliampere-seconds range must be relatively high (300
- 1500
MaS) The focal-film distance is approximately two feet depending on the
size of the breasts.
Due to the absorption characteristics and composition of the breast, small
differences in kilovoltage are likely to cause crucial differences in the im
age.3 Also accuracy in determining the consistency, condition and classifica
tion of the involved tissue must be stressed. "Careful attention must be
given to the proper use of a beam restrictorto confine primary radiation to
the area of interest to prevent excess fog and unneeded absorption. For this
purpose, an extension cylinder may be employed or a special cone may be
used'-*
during exposure. Resulting images are viewed on a vertical diffusing
screen, often using a low power magnifying glass. Four radiographic signs
of cancer are sought while examining the films.
1 . An area of uniform density that would indicate a tumor.
2. Small light spots or speckles, representing calcium deposits.
3. Retraction of peripheral regions of the skin caused by a tightening
effect of cancer.
4. Enlarged blood vessels.5
DISCUSSION OF PROBLEM
There has been an increased use of sophisticated equipment and pro
cedures in radiology. Despite these advances, "relatively little on medical
radiography has appeared in print in technical photographic literature, and
the level of research by the photographic industry in this field is low in
comparison with other applications such as reconnaissance or color
photography."6 Many advances in the field have been made with such





copying of x-ray images to save 80 percent storage area and the introduc
tion of 90-second processing are two such methods which exemplify this
trend. It is not intended to review the merits of these techniques but to
emphasize that such supplementary features as speed and cost, must often
be sacrificed to increase image quality.
Radiographic quality refers to "the ease with which the images of struc
ture, recorded on a radiograph, can be detected."7 It leads to medical
conclusions which are controlled by (i) physical parameters present in the
image and (ii) the mental process of transforming these images into diag
nostic decisions. Improvements associated with both of these factors have
yet to provide an increase in the probability that defects in the human body
wiU be detected. That is, advances in the photographic field of radiology
and maturing of diagnostic techniques have seemingly not
affected the
30% - 40% incorrect diagnosis figure still presents
The recognition and detection of cancer takes precedence over all other
reasons for evaluations made in mammography. Increasing measurable
photographic features such as resolution, contrast and size does not
necessarily result in an increase in correct diagnoses. As described by
Seeman,s granular images were affected to a greater degree than elong
ated images by the emulsion's grain size. Also, rendition of spherical
structures was lessened in faster films as opposed to granular structures.
These are a few examples which illustrate that care must be taken before
predicting what relation objective descriptors of an image will have on the
subjective interpretation of that image.
PROPOSAL and HYPOTHESIS
Proposal -
A study was made to determine if duplicate mammographs of superior
diagnostic quality can be produced. The investigation involved subtractive
unsharp masking and variable film contrasts as two possible means of
enhancing a radiographic image. The factorially designed experiment tested
three levels of 'unsharpness', three levels of masking film contrast, and two
levels of duplicating film contrast. Resulting samples were observed by a
team of independent radiologists. Experimental conclusions were formul
ated from the results of these observations. These included subjective
evaluations and a statistical analysis of the data.
Hypothesis -
A mask is a "silver or dye image, used in conjunction with other images to
improve contrast, sharpness, or
color."i To create an
"unsharp"
mask, a
photograph is imaged out-of-focus onto a masking film during exposure.
Electronic masking, diffusing screens, enlargers and interspacing are a few
examples of methods used to create the photo-optical effect. The degree of
unsharpness determines what frequencies will be impaired or unresolved in
the mask. This is one factor which was tested in the project for an optimum
level. A second factor under investigation is the contrast of the masking film.
The contrast controls the relative strength the mask will have compared to
the original image. The intended use of unsharp masks is to investigate their
effect on fine-detail in secondary images, i.e., duplicate mammographs.
It has been suggested that micro-contrast and the immediate surrounding
area influence detail much more than large-scale contrast. "Unsharp mask-
ing, or the adjacency effects associated with development, can be used to in
crease some of the fine-detail gradients without increasing the large-scale
gradient.'"" Yule states that the use of an unsharp mask will ". . . . lower
the large-scale contrast, but will have no flattening effect on the fine
details . . . This decrease in macro-contrast is often compensated for in
the reproduction c cle by increasing the contrast of the final print material.
The result is a higher fine-detail gradient of an image whose large scale con
trast is equivalent to the original image, see APPENDIX 1 . Using a high con
trast duplicating film and an unsharp mask, original size reproductions of
mammographs can be made. Therefore, it may be possible that such second
ary images carry with them an increased probability that cancer will be
detected due to the increase in fine-detail gradient.
"A disadvantage that arises from the use of the mask is that the large
'uniform'
areas in the print are not actually uniform and the abrupt edges
have a dark band on one side and a light band on the other side. Some ob
servers decide that these features detract from the quality of the. . final
image. It is not known at what point these features overshadow the desired
features. It is anticipated that an optimum level of unsharpness, in the mask,
can be found. Similarly, an optimum level of contrast in the masking material
and the duplicating material can be expected. Processing duplicating films
to different contrast, it is possible to produce different micro-contrasts even
when macro-contrast remains unchanged. By this manner, one can antici
pate that fine-details in the reproduced radiograph will be more recogniza
ble. With respect to mask contrast, duplicate contrast and level of unsharp
ness, an optimum combination can be determined. Producing a secondary
image under these conditions may increase the diagnostic efficiency beyond















Fiaure I - Project flow chart
The adjacent diagram is a
simplified flow chart of the
project's main stages. Each is
elaborated upon later in this
report, but will now be only
briefly mentioned.
Of the suggested methods
of producing unsharp masks,
interspacing is to be used
with air as the spacing
medium. Image artifacts
caused by dust particles
would be reduced since no ad
ditional surfaces between the
subject image (test target or
mammograph) and the receiv
ing film will be present. Using
air instead of a diffusing screen or other spacing material eliminates the po
tential for scratches, unparallelism, newton rings and reduces the need to
handle extraneous material. Physical requirements for an apparatus used in
making unsharp masks are:
/. able to serve as a film holder and exposing unit
2. capable of varying the level of
"unsharpness"
3. rigid, having a surface uniformity within





5. assure parallel planes of the mammograph and masking film
6. ease in handling and adjusting
A vacuum frame and a modified contact printer met the previously listed re
quirements for an exposing apparatus.
Semi-collimated, high frequency light was used to expose the duplicating
film. The lamp and other neccessary elements were mounted on an optical
bench. The film arrangement, in the direction of light, was a front supporting
glass, unsharp mask, mammograph, duplicating film and light absorbing
backing.
The system's tone-reproduction cycle was plotted after sensitometric
evaluations of the masking film and duplication film were made. Final sam
ples of the factorially designed experiment represented the effect of varying
the combinations of mask contrast, mask unsharpness and duplicating film
contrast used in generating secondary mammogaphs. Radiologists from
Rochester General Hospital and Strong Memorial Medical Center,
Rochester, New York, commented on, evaluated and rated each sample ac
cording to the ease with which breast cancer can be detected relative to the
original mammograph. Statistical handling of the data was done by the use





are analogous. With this assumption, the major goal of
the project was to establish or predict a photographic technique to increase
the probability of locating breast cancer, thus, medical treatment would be
initiated at an earlier stage and fewer lives would be lost to the disease.
CONSTRUCTION
Mask Exposing Unit -
A Burke & James Inc. contact printer was modified to fit the requirements
previously listed. The unit was originally a metal box equipped
with seven 25
watt frosted bulbs symmetrically arranged on the bottom. The top was
enclosed by a 9"x
11"
piece of glass. Located 80mm, 95mm and 110mm




opal or ground glass. The ledges were kept attached
so that neutral density (ND) filters could
be inserted as well as an opal glass
used for even illumination across the
exposing plane. Exposing contact
speed materials was the intended func
tion of the printer. However, because a
faster film emulsion was to be used, the
25 watt bulbs were replaced with 15
watt, 120 volt, General Electric tungsten
frosted bulbs.
The unit's height was increased to
34"
with a black plywood shaft. Three
rectangular baffles were placed inside
the shaft to restrict the rays of exposing
light to 9"x 11", the dimensions of the
exposing surface.
Figure II is a
schematic of the modified exposing
unit for producing masks. Electrical
power to the unit was directed through








Figure II - Mask exposing unit
6
Vacuum Frame for Unsharp Mask -
A vacuum frame was made to hold the masking film parallel to the subject's
image plane. Plexiglass was used to construct the entire piece of equipment.
Parallelism and evenness were found to be with the mentioned
tolerance.
glass exposing plane
cigure lllb - Corner of vacuum frame, cross sectiori
vacuum pump
positioning stab
Figure Ilia - Vacuum frame, top view.
Four holes were tapped and
32 threads/inch screws were
placed in each corner. The
screws were ground down put
ting a point on the end to
assure equal contact when
positioned over the subject im








shown in Figure lllb. Each




with between juxtaposed holes.
Once the apparatus was parallelled and calibrated, the distances between
the glass exposing plane and the vacuum frame's surface could be adjusted
by rotating the screws with an alien wrench. The height range possible by
turning the screws was
0"
to with increments of
,
see Figures
Ilia - c. This was used to control the level of unsharpness.
Figure lllc - Combined apparatuses for producing masks
Duplication Process Apparatus -
Light of short wavelengths is absorbed by photographic emulsions and
grains more than long wavelength radiation, thereby reducing emulsion scat
tering and increasing image sharpness. To minimize internal scatter, a
quartz-iodine lamp was chosen as a light source for exposing the duplicating
film. Specifically, the selected lamp used was a Sylvannia 212 Super-N-
Larger lamp. In addition to high frequency radiation, the lamp liberates large
amounts of heat, thus requiring a heat absorbing glass to be placed between






Figure IV - Exposure schematic for duplication stage
Reducing the incident angle during exposure was done with an adjustable
iris. At a distance of 100cm and 9cm respectively, the iris was placed bet
ween the exposing plane and the light source. With the iris opened to a
diameter of 2.0cm and at a focal-film distance of 100cm,
'point-source'
il
lumination was produced with semi-collimated light. The three elements
were mounted on a
24"





hood, with a 4cm x 4cm window, was placed over the elements and opti
cal bench to eliminate secondary exposing light. Graphic illustrations of the
elements, optical path and protective hood are seen in Figure IV. Electrical
circuitry to the lamp was regulated in the same manner as to the masking












Figure Va - Cam film holder
wooden
positioning slabs
Figure Vb - Primary film holder
To rigidly secure the three films in contact (subject image, processed
mask, and unexposed duplicating film), a two-piece film holder was made.





glass and a black matte backing of equal dimensions. Hinged at the bottom
by tape, they functioned in a cam-like manner. The materials were loaded
between the supports in the order shown in Figure Va.
To apply pressure to the cam and position it 'on
axis'
and perpendicular to
the incident light, a wooden structure represented by Figure Vb was devised.










strips of wood enclosed the window on the sides and bottom.
The loaded cam was placed face-to-back between the wooden strips. Four
spring loaded clamps were turned so as to apply pressure to the cam, sand
wiching the films in contact.
SENSITOMETRY
Masking Film -
DuPont film type High Contrast Pan Film 1105 801 was cut into eighteen
1V2"x
5"
strips. Exposures were made in a Kodak 101 Sensitometer.
\T>e\i
DK-5(Nam(
1 min. 2 mm. 4 min. 8 min. 16 min.
straight X X X X X X
1:1 X X X x X X
1:3
X X X X X X
Table II - Processing Data
Table I - Development time and strength, DK-50
Table 1 represents developer solutions and development times for each set
of film. The following list, Table II, composites the remaining processing in
formation.
A MacBeth TD-504 transmission den
sitometer was used to record the den
sities. Resulting densities were plotted
as a function of log10 exposure. Film
contrasts were determined by calculat
ing the gradient of each curve's linear
portion. Contrast vs. time of develop
ment graphs were made for each
developer strength.
Developer: Kodak DK-50
Amount: to make 20oz. solution
Temperature:
68 1.0
Agitation: R.I.T. tray rock
method"
Stop bath: 28% acetic acid, 1 :23, 30sec.
Fix: Kodak F-6, 6 minutes
Contrast
1.8
Using DK - 50m diluted 1:1, a more
precise functional relationship between
time of development and film contrast
was made by increasing the number of
time levels tested at this strength.
Figure VI shows the results of the sen
sitometric test. A step wedge was con
tact printed onto two strips of High
Contrast Pan Film using the mask ex
posing unit. Neutral density filters of
net density 1 .00 briggs, were positioned
On ledge
'A'
during a 20 SeCOnd ex- Development time (minutes)
pOSUre (see Figure II). The film was Figure VI -Time vs. contrast, DK-50, 1:1
processed under conditions previously listed in DK-50, diluted 1:1 for four
minutes. Indentically processed sensi-strips, exposed on (1) the 707 Sen
sitometer and (2) the mask exposing unit, were sensitometrically compared.
This enabled the latter's relative flux to be calculated as measured by the
film.
Duplicating Film -
Two sheets of 8 "x.
10"
Kodak film type High Speed Duplicating Film 2575
were cut into 11/2"x
5"
srips. Exposing and processing were done under a
Kodak Safelight Filter No.1A. A step wedge was taped inside the cam film
holder on the glass front, and exposures made through the step wedge.
Development Time 2'/2 minutes 4 minutes





0 . 30 , 130-135
230 . 23S
Table III - Development time and agitation, duplicating film
Kodak Fine-Line A and B Developer was used to process the film. This
developer and the recommended agitating technique produce strong chemi
cal adjacency effects. The special technique involoves continuous agitation
for the initial 30 seconds, followed by still.development for the termination of
development. Resulting images usually have, in addition to edge effects,
development mottle caused by poor agitation. To compromise the two
effects, selective agitation periods of 5 seconds each were performed at the











Fiaure VII - Photographic negative of original mammograph
Figure VIII - Tone reproduction cycle
11
Fiaure VII - Photographic negative of original mammograph
Figure VIII - Tone reproduction cycle
11
ment times and strengths used in yielding contrast of 3.5 and 5.0. Solutions
of A and B were made from dry chemistry packages marketed by Kodak.
Each was separately stored a maximum of 72 hours and mixed 5, or less,
minutes before processing. Supplemental to the specific processing data
just stated, conditions were identical to those listed in Table II.
Tone Reproduction -
A mammograph having two easily perceived signs of cancer (see p. 2,
signs 1 and 2) was obtained from Strong Memorial Medical Center,
Rochester, New York, Department of Radiology. The area predominantly
showing the outline of a tumor and numerous calcium deposits is approx
imately 4cm x 5cm, see Figure VII. This "information
region"
has a diffuse
density of 1.14 and a point gradient of 2.4. The bold line segment in Figure
VIII, quadrant IVi, represents this region on the film's characteristic curve.
To display all essential stages throughout the reproduction cycle, an over
lay having two supplemental quadrants was made. Exposures were calcul
ated to produce intersecting curves at density 1.14 of the (1) mammograph
(2) .50 contrast mask (3) .75 contrast mask and (4) 1.00 contrast mask. This
"information
region"
was used as a pivot-point throughout the tone
reproduction. Quadrant I represents a point-by-point summation of densities
on the masks and the mammograph. These values correspond to the super-
positioning of the original and each of the three masks during duplicating ex
posure. Individually, they are plotted in quadrant li on the clear overlay.
At normal viewing distances, the eye's effectiveness in differentiating den
sity variations is optimum from .70 briggs to .90 briggs. This range was
similarly used as the pivot-point on the duplicating film's characteristic
curves (contrast 3.5 and 5.0). The three resulting curves in quadrant IV
represent the combinations of three masking film contrasts and a duplicating
film contrast of 3.5 (not to complicate the graph, curves using duplicating
film contrast 5.0 were omitted).
Throughout the report, terms such as mask contrast, duplicate contrast,
masking film contrast and duplicating film contrast are used. In all cases,
"contrast"
refers to the film's slope along the straight line portion, when ex
posed using a linear progression of densities, i.e., a transmission step wedge.
For example, "duplicate
contrast"
will indicate the slope of the duplicating
film's curve, not the resulting gradient of a duplicate mammograph.
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Level of Unsharpness -
Unsharpness refers to the limiting resolution caused by a
"de-focusing"
of
an image onto a masking film. To get various degrees of this optical effect,
the receiving film was raised from contact with the subject image (test target
or original mammograph). A glass resolving power target was used to obtain
resolving power as a function of spacing distance, AX. Frequency progres
sion on the target was by the tenth root of ten. Spacing was controlled by ad











Figure IXa - Resolving power vs. spacing distance
Spacing Distance, AX
Figure IXb - Inverse resolving power vs. spacing
distance
The frame was raised plus to
'zero'
it at the combined heights of
the glass target and the masking film. FiqurelXa
-
resoluting power vs. spac
ing distance, was obtained by imaging the target at .0156", .0312", .0624",
.1248", and above "0". Inversely plotted, an expected straight
line was graphed. This facilitated working with the data by extending a
straight line beyond the values measured. Results are shown in FigurelXb.
EXPERIMENTAL DESIGN
It was believed by the experimenter that mask contrasts up .40 would not
have a strong enough effect on the calcium deposit images. Too strong a
mask, contrasts above 1.00, would reverse the tones in the reproduced im
age. The three test levels of mask contrast were therefore chosen to .50, .75,
and 1.00.
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Using Kodak Fine Line Developer, minimum and maximum duplicating film
contrasts were found to be 3.28 and 5.20. Two levels of duplicating film con
trast to be tested were 3.5 and 5.0.
It was not desired to either impair or reinforce frequencies below 0.5 cy
cles/mm. Optimum mask resolving powerwas expected to be approximately
1 .5 eye les/mm. The final test frequencies, or levels of unsharpness, were 1 .0
cycles/mm, 2.0 cycles/mm, and 4.0 cycles/mm. The corresponding AX
values are .32Q0", .1533". and respectively.
Mask Contrast
.50 .75 1.00
Dup. Contrast Dup. Contrast Dup. Contrast




4.0 X X x x X * X X X X X X ,
2.0 X X X X X % * X * X % *
1.0
'
. x x X X X X & & X X X X
Table IV - Factorial Design
Table IV shows the 36 sample distribution of a factorially designed experi
ment. Sheets of 5"x
7"
DuPontHigh Contrast Pan film were cut from 8"x
10"
stock. With the vacuum frame face up, the film was positioned over the grid
of suction holes. Two perpendicular strips of tape, permanently attachedto
the frame's face, were used in maintaining identical film positioning for ail
masks. An air pump, attached to the frame in Figure illc, created a vacuum to
secure the receiving film during exposure. The frame and film were placed
face down over the exposing plane, on which the original mammograph was
taped on two corners. To remove dust particles and statically secure it to the
glass, a woolen cloth was rubbed over the mammographs's surface.
Perpendicular wooden slabs, see Figure Illc, acted like the registration
tapes on the frame maintaining consistent positioning of the vacuum frame
while exposing. The frame was adjusted to attain the three levels of unsharp
ness. This process was replicated for each combination of mask contrast
and duplicate contrast, totalling 36 masks. Development was with DK - 50,
1:1, using processing conditions stated in Table II. Calculated development
times and exposures produced intersecting curves at density 1.11 .04, see
Figure Vill, quadrant li.
Subsequent masks were superpositioned in registration with the original,
and taped inside the cam, Figure Vb. High Speed Duplicating film was
placed behind the original as shown by the same diagram.
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Exposure and development times were determined to result in placing the
"information region"density at theduplicating film's pivot-point, see Figure X,
quadrant III. Empirically, this range was located at densities .71 .11. The
set of 36 samples was ordered and numbered at random to prepare for diag
nostic evaluation.
An instruction-score sheet was made to accompany the secondary mam
mographs and the original. Briefly, it explained that each sample repre
sented the same mammograph but possessed different photographic proper
ties.
"Quality"
was to be rated on a scale of 1 to 10, first establishing a rating
of
'5'
to the original mammograph. Side-by-side comparisons with the origi
nal were not allowed. This was to reduce psycho-physical effects caused by





base duplicates. Exact wording is located in a copy instruction-s*core sheet
in APPENDIX 2. Two radiologists were asked to examine, comment on, and
rate each in the set of 36 duplicates. This permitted selective screening of
samples which were convincingly inferior to the original. The remaining
duplicates were similarly evaluated by one additional radiologist and two
residents.
Quality values given to each duplicate by the six radiologists were sum
med. Totals were enered into a chart similar to Table IV and used in the
statistical analysis. An ANOVA tablewas constructed and the forward Doolit-
tle solution was applied to the data.14
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RESULTS
Two preliminary observations by radiologists were made to
determine




samples of poor diagnostic quality from the
experiment
reduced valuable time required of doctors to examine the duplicates (time







.75 1.00 .50 .75 1.00
Dup. Contrast Dup. Contrast Dup. Contrast Duo. Contrast Dup. Contrast
Dup. Contrast
3.5. 5.0 3.5 5.0 3.5 5.0 3.5 5.0 3.5
5.0'
3.5 5.0
7,6 6,7 5,4 5,5 4,3 3,4 4.0 17 14 47 67 69
6 7,7 5,5 5,5 3,2 3,2 2.0 22 13 33 MZ39.M 63 61
7,2 7,6 6,7 6,6 2,2 2,2 1.0
'
3 11. 3 0 | 30 j 50 55
Table Va - Quality rating Table Vb - Quality ranking
Radiologist A rated all 36 samples on a scale of .1 to 10 according to the
previously mentioned technique. Again,
'5'
was the established rating value
given by the experimenter to the original mammograph. All values in column
heading Mask Contrast 1.00 have scores below '5', thus indicating less diag
nostic quality. Radiologist B, Table Vb, chose to rank the samples during this
preliminary test. Numbers in this table have been coded and relate to each
sample's rank position. Lower values indicate higher diagnostic quality
since they were ranked 1, 2, 3.. ..etc. The shaded block in Table Vb shows
equivalent quality as judged by the radiologist. Therefore numbers greater
than those within the block were rated inferior. Drawing on the collective in
formation resulting from the observations of Radiologist A and B, all dupli
cates made with mask contrast 1.00 were excluded from further evaluation.
Figure XI is a contact print of one such sample. As compared to the origi
nal mammograph, Figure X, there is an increase in the perceptio n of fine-
details. What were before moderate edges, are now seen as acute lines, thus
making the image appear more complex. This congestion of acute lines and
edges was not the determining factor which rendered this sample inferior.
The problem is that the image of the tumor has been sacrificed for the enhan
cement of edges and small detail.
Interviews with the two radiologists revealed that the detectability of
calcium deposits and detectability of the tumor were independently affected




F/'gwe */ - Photographic negative of duplicate, mask contrast 1.00
17
Figure XII - Photographic negative of duplicate, tumor rating 44
Figure XIII - Photographic negative of duplicate, calcium rating 38
18'
radiologists were made to adjust for this occurance. As before,
"quality"
rat
ing was the response variable, but now it was applied to (1) calcium detec
tability and (2) tumor detectability. Radiologists A and B re-examined and




.50 .75 .50 .75
Dup. Contrast Dup. Contrast Dup. Contrast Dup. Contrast


































Table Via - Total quality ratings
for tumor detection
Table Vib - loiai quality ratings
for calcium detection
Summing each sample's ratings from five radiologists enabled Table Via
and Table Vlb to be constructed. Together they represent 240 observations.
Since these are total ratings of five judges, a value of 25 would indicate a
level of comparable diagnostic quality relative to the original mammograph.
All twelve samples in themask contrast .50 column were rated superior to the
original with respect to tumor detection. The optimum combination (highest
rating) is shown to be (1) mask contrast .50 (2) duplicate contrast 3.5 and
(3) level of unsharpness 1.0 cycles/mm. Figure XII is a photographic nega
tive of the duplicate which has isolated and emphasized the area of the
tumor.
With respect to the detection of calcium, twenty-three of twenty-four sam
ples totaled above 25, thus indicating higher levels of quality. The only im
age which was judged inferior to the original, a value of 17, was the replicate
partner of an image whose rating was 37. Figure XIII is a negative print of the
highest rated duplicate for the detection of calcium (38).
Statistically, the data was fit to a three variable, first-order model including
all interactions. In general form, the mathematical model is as follows:
V = /30Xo + 7X7 + /32X2 + J33X3 + /372X7X2 + 73X7X2 + J823X2X3 + 723X7X2X3 + e
A Doolittle solution was simultaneously applied to both sets of data, tumor
detection ratings and calcium detection ratings, and an ANOVA table was
constructed. The table and statistical formulae are located in APPENDIX 3.
With a 90% level of confiden ce, masking film contrast and the interaction of
duplicating film contrast with the level ofunsharpness were found significant
with respect to tumor detection. Calcium detectability was only affected by
the interaction of all three variables and by none individually. Excluding
in-
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significant terms, the regression equations were calculated to be:
Yt = 27.96 -8.04Xi -1.47X2X3
Yc = 31.83 -1.67XiX2X3
These equations are in coded form, i.e., orthogonal coefficients have been
substituted for the specific levels. This substitution is shown below in Table
VII.
X - Mask Contrast X2 bup. Contrast Xo Unsharpness
















Table VII - Orthogonal coefficients
Error in the ANOVA table was determined by calculating the variance
found in replicated images, not the variance among observers. Lack of fit
was found to be significant with respect to the detection of the tumor but not
with calcium detection. Using the first-order model, correlation coefficients





The initial purpose of the factorial design (see Table IV) was to use the
resulting data to indicate what combination of the three variables would yield
optimum duplicate mammographs. The optimum level of mask contrast,
duplicate contrast and level of unsharpness was to be applied to a large
number of mammographic samples. Such samples would have among them,
"positive"
images (cancer present as shown by a mammograph),
"negative"
images (cancer not present) and
"threshold"
images. Diagnostic evaluations





medical conclusions by a team of radiologists.This
type of data would allow 'percent
correct'
values to be computed for the origi
nal mammographs. Corresponding duplicates would be made of these mam
mographs using the optimum conditions determined by the previous factorial
experiment. Similarly, diagnostic evaluation of these images would allow
percent correct values to be calculated. Two computed means, duplicate
results and original results, could be statistically tested for significance.
Such a test allows conclusions to be made which relate to a discrete amount
of change in diagnostic quality. As a hypothetical example, the conclusion
could be
"
using the given enhancement techique, correct diagnosis was
raised from 80% to
95%."
This statement of results could be easily in
terpreted, and an absolute increase of 15% can be measured. However, not
reaching this latter stage of the total project meant performing a statistical
analysis of the factorial experiment instead of using it only as an indicator.
The value of
'five'
was established as meaning equivalent diagnostic
quality to that of the original. A selective screening of samples whose ratings
were sufficiently below five eliminated all duplicates made from a mask con
trast of 1.00 for further evaluation. This left 24 duplicates to be rated by a
group of three radiologists and two residents. Of these, 23 were rated
superior with respect to calcium detection and 13 were rated superior with
respect to tumor detection. Therefore, when analyzing each of the three fac
tors for significance, a limited range of effects was being tested.
It is expected that subjective evaluations carry with them larger variances
than objective measurements. For example, if a given radiologist rates a
sample
'5'
and the next radiologist rates the same mammograph '6', then an
estimate of observer error is already greater than 15%. The point is that a
scale of 1 to 10 was possibly too small or crude a scale. Further, limiting the
samples to those already proven equivalent or superior to the original
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reduced the range of effects but did not proportionally reduce the inherent
error. The effect may have been to make the mean square for error (APPEN
DIX 3) a
'large'
number relative to the mean squares for the variables. This
may be an explanation for 11 of 14 variables and their interactions being not
significant. However, the major cause for this must be construed as meaning
their effect was indeed not significant.
Seen in Table Via the rating totals made with mask contrast .50 are 31 or
higher. Divided by 5 (number of total observers) these values range from 6.2
to 8.8, all of which indicate higher levels of diagnostic quality. In Table Vlb
all but one of the totals are greater than 25 (the one 17 is a replicate of the
sample whose total was 37, therefore this could be a wrong sample). The
project has succeeded in enhancing mammographs for a greater level of
cancer detection. What is difficult to conclude is the amount of improvement.
Radiologists were asked to set a rating of
'10'
equal to "the best you would
ever expect from an x-ray
image."
As a result, it is extremely difficult to
transform a relative rating of 10 into a more discrete form such as a percent
increase (there were thirty-one 9's and 10's given by the radiologists).
The contrast of the mask determines its relative strength as compared to
the original. Lowering this contrast increases the final contrast of the dupli
cate image. Therefore, using a mask contrast of .50 caused an accentuated
density difference of the tumorous region more than using masks contrasts
.75 or 1.00. This strong dependence on mask contrast is indicated in the
ANOVA table, APPENDIX 3. Mean square for bi , mask contrast, is more than
a factor of thirty larger than any of the remaining six variables.
No individual or dual interaction of variables proved significant in the
analysis with respect to calcium detection. However, since 96% of the sam
ples in Table Vlb were rated above 25, persons employing this particular
enhancement technique need not be overly critical of the contrasts or level of
unsharpness obtained. Only the interaction of all three variables proved
statistically significant.
A side-by-side comparison of the tumor and calcium columns in APPEN
DIX 3 statistically confirms what one of the radiologists observed, i.e., that the
detection of calcium and the detection of the tumor were independently
affected by the three variables. For example, the mean square for tumor
detection was 1,552 while for calcium, it was computed to be 50. Also, the
only significant variable for calcium was the triple interaction, for the tumor
the mean square was 0. Logically, one would emphasize the optimum condi-
22
tions for tumor detection since it occurs more often than calcium deposits.
Also, since all combinations of levels in Table Vlb resulted in superior im
ages, there would be little sacrifice in the detection of calcium regardless of
the level used.
A comment from one of the radiologists was that additional locations on
some duplicate mammographs appeared to be cancerous. These new struc
tures took the form of calcium deposits and could not be seen on the original.
However, knowing that these mammographs were specially reproduced im
ages tended to influence the diagnosis. Consequently, the
"new"
informa
tion was considered artifact or hardened tissue. This could not be checked
due to patient circumstances. Still, it emphasized that the enhancement
technique not only was capable of making the detection of already perceived
(on the original) signs of cancer easier, but possibly made detectab i Ity possi
ble when otherwise it would be missed. The doctor's judgment must also be
equally emphasized, in that the process may render non-cancerous elements




The device constructed for exposing the masks did not produce fully colli
mated light. Increasing the light source to exposing plane distance from
5"
to 30", and inserting three baffles, did assist in generating partially colli
mated light. However, image magnification occurred in the unsharp masks
as spacing distance was increased. Since the "information
region"
was
relatively small (4cm x 5cm), compared to the total image area (12cm x
18cm), the optical non-alignment in this region was expected to have little
significance. In other cases, diagnostic information will not always be
localized, and if similar masks are made the effect will be unregistered im
ages on the duplicate. A corrective means of handling the problem is with
the use of a collimating lens {collimator) inserted between the ground glass
and the exposing plane.
The selection of positive working black and white films that can be
negatively developed and are continuous tone is limited. Materials having
greater contrast flexibility may possibly be used to obtain contrasts beyond
the 3.3 to 5.2 range. Images of tumors usually appear as areas of uniform
density, slightly lower than surrounding tissue density. Strongly accentuat
ing this differential by imaging onto a higher contrast film would sacrifice
photographic information elsewhere on the mammograph but produce an in
tense silhouette effect of the tumor. Exact location and boundaries would be
easily perceived by the radiologist or surgeon. Using a low contrast duplicat
ing film will increase the latitude of tones, thereby recording peripheral
regions of the breast, having low opacity, as well as central regions. In this
case, a large density difference at the edges would have to be sacrificed to
record the extended range of exposures. The probability of missing calcium,
located in different opacity areas of the breast, would be reduced using long-
scale films.
Optimum conditions were determined from three levels of mask contrast,
three levels of mask unsharpness and two levels of duplicating film contrast.
From the statistical analysis, there is no indication that the factorial covered a
large enough range of levels to determine the optimum of all possible condi
tions. Therefore, an extended range of the three factors and their levels
might prove advantageous.
In addition to extending the range of levels tested, the experimenter recom
mends applying the enhancement process to numerous mammographs. It
was believed that determining optimum duplication procedures for the in
volved mammograph would at least approximate conditions for most other
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mammographs. Establishing the accuracy of this conviction might assist in
defining when and how such enhancement techniques are to be applied.One
of the two most useful types of mammographs to work with would be one in
which the radiologist is uncertain whether or not cancer is present. That is, a





confidence levels from diagnostic analyses. This would





are analogous. The other type of image
would involve a patient who was found to have breast cancer that was not
detected on a mammograph. A doctor may have felt lumps in the breast and
could identify the exact location. Enhanced duplicate mammographs could
be examined for locating calcium or a tumor in the suspected region of the
breast. This should confirm or refute the hypothesis that
"new"
information
in duplicates is cancer and not medical or photographic artifacts.
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Please observe the following duplicate mammographs. Each
represents the same original but samples vary in some of their
photographic properties.
1. Observe the original mammograph with your normal diagnos
tic procedure then remove it.
2. Select one of the samples, apply the same technique of
examination and record your quality rating of it.
"Quality"
is your estimate of an image's effectiveness in displaying carcin
oma relative to the original. Rate it five (5) if the amount of
diagnostic information is the same as seen in the original. Between
zero (0) and five (5) means less information, with zero (0) meaning
almost no information. Above five (5) represents your confidence
that there is more information, with ten (10) being the best you
would ever expect from an X-ray image. The duplicate should then
be. removed.
3. Repeat step #2 with all the samples.. You may use the original
as often as needed since it is your reference (do not compare samples)
However, samples are not to be compared side -by -side with the original
but please compare them by memory only.
Please, at any point in your examination, make eomments which
you feel relevant to the images and/or experiment. Thank y'ou.
Sample uate Sample Rats Sample Rate S ampl e Rate
umor
1 10 \ 19 23 \
2 \ 11 k 20 \ 29 \
3 \ 12 \ 21 k 30
/,. \ 13 \i 22 k 31 \
5 \ U \ 23 32 \
6 15 \ 2/+ 33 \
\ 16 :\ 25 \ 34 k
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